ABSTRACT. Dog β2-microglobulin was purified from the urine of dogs with potassium dichromate induced tubular damage. It was purified by sequential use of anion exchange chromatography, gel filtration chromatography, and reversed-phase high performance liquid chromatography. Comparisons of the amino acid sequence of the dog protein with human, mouse, and rabbit β2-microglobulin, indicated a high degree of similarity. The dog protein was very similar to human β2-microglobulin in that it had a molecular weight of 11.8 kDa and contained two half-cystinyl residues. Dog and human β2-microglobulin were demonstrably different at 24 of the 99 positions compared. The data supported the conclusion that the purified protein was dog β2-microglobulin and that all four proteins from dog, human, mouse, and rabbit were closely related.-KEY WORDS: amino acid sequence, dog β2-microglobulin, purification, urine.
obtained from an animal shelter were determined as healthy based on the results of routine physical examination, hematology and urinalysis. These dogs were given intravenous injection of 1 mg/kg potassium dichromate. They showed slight clinical signs of anorexia, depression, and proteinuria, but recovered 2 weeks later.
Urine sample: The urine samples were paper-filtered, dialyzed overnight with 50 mM ammonium acetic acid (pH 8.6) at 4°C using dialysis tubing (Spectra/Por 6: Spectrum Industries, Houston, U.S.A.) with a molecular weight retention of 10.0 kDa, and then lyophilized.
Purification of dog β2-m: Prior to anion exchange chromatography, 0.5 g of urinary material was dissolved in 50 ml of 10 mM Tris-HCl (pH 8.6) containing 50 mM sodium chloride. This solution was chromatographed on a DEAE-cellulose (DE52: Whatman Bio Systems Ltd., Maidstone, UK) column (5 cm × 30 cm) equilibrated with 10 mM Tris-HCl (pH 8.6) containing 50 mM sodium chloride at a flow rate of 120 ml/hr. The column was then eluted with the same buffer with 200 mM sodium chloride. Each fraction was monitored by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) in 15% gels [14] , and stained with Coomassie brilliant blue G-250. The protein with a molecular weight of about 12 kDa was determined as β2-m, because of reaction with anti-human β2-m (Sigma Chemical Co., Mo, U.S.A.). The fraction containing the band of 12 kDa protein at high concentration was pooled, dialyzed against 50 mM ammonium acetic acid (pH 8.6), and lyophilized. This fraction was applied to a Sephadex G-75 (Pharmacia Biotech, Uppsala, Sweden) column (2 cm × 100 cm) equilibrated with 0.2 M ammonium acetic acid (pH 8.6). Each fraction eluted from the column was analyzed, and the fraction containing the 12 kDa protein was lyophilized. The fraction enriched by the 12 kDa protein from Sephadex G-75 column was loaded to reversedphase high performance liquid chromatography (HPLC). This HPLC system consisted of two Shimazu LC-6A pumps β2-microglobulin (β2-m) was initially purified from the urine of patients with Wilson's disease, chronic cadmium poisoning, and other conditions leading to renal tubular malnutrition [2] . The protein, found free in biological fluids, is also the light chain of the class˙Jmajor histocompatibility antigens [7] .
β2-m is a single polypeptide chain with a molecular weight of 11.8 kDa, and is manufactured by lymphoid cells, a variety mesenchymal, and epithelial cells [19] . Increased β2-m urinary excretion is associated with renal diseases characterized by tubular damage [21] . Since then extensive clinical studies have been carried out, and the determination of urinary β2-m is now important for the evaluation of renal tubular function [13, 22] . To obtain more information about the biological role and evolution of β2-m, it became necessary to work in animal systems. So far, homologues of human β2-m have been isolated from rabbit [1] , mouse [17] , cow [8] , guinea-pig [3] , and goat [9] . In the dog, β 2-m is associated with the major histocompatibility antigens (DLA) [27] . For investigation of renal function and β2-m, Hall et al. [10] used dogs to demonstrate a relationship between the renal filtration load of human β2-m and the renal extraction of human β2-m infusion. However, their report did not discuss catabolism of dog β2-m in the dog kidney. To facilitate further studies, an efficient method of isolating large quantities of β2-m is being sought, of Smithies and Poulik [23] was the first to isolate dog β2-m. However, the amino acid sequence of dog β2-m elucidated contained only 42 N-terminus residues and a number of obscure residues [23] . In the present study, dog β2-m was purified from urine by three chromatography methods, and its complete amino acid sequence was determined.
MATERIALS AND METHODS

Dogs: Two mongrel dogs (weight 8 and 12 kg, females)
combined with a high-pressure mixer, Shimazu SCL-6A controller, and Shimazu SPD-10A ultraviolet spectrophotometric detector (Shimazu Corp., Kyoto). The fraction containing the 12 kDa protein was dissolved in 0.1 % trifluoroacetic acid (TFA), and was applied to a TSK-gel ODS-120T column (0.46 cm × 25 cm, particle size 5 µm: Tosho Co., Ltd.) by a linear gradient of acetonitrile ranging from 20 to 60% into aqueous TFA at a flow rate of 1 ml/ min. Absorbance was monitored at a wavelength of 220 nm. The major peak was collected and its degree of purity was determined by SDS-PAGE. Determination of molecular weight was carried out by the method of Weber and Osborn [29] .
Protein determination: Protein concentration was determined by protein assay kit (Bio-Rad DC Protein Assay: Bio-Rad Laboratories, California, U.S.A.) modified after Lowry et al. [16] . Bovine serum albumin (Sigma) was used as the reference protein.
Amino acid sequence analysis: Peptide fragment was prepared by the method of Hoshi et al. [11] . An aliquot of 50 µg of purified 12 kDa protein was digested with lysylendopeptidase (EC 3.4.21.50: Wako Chemical Co., Ltd., Osaka) in 50 mM ammonium bicarbonate (pH 8.0), at 37°C for 4 hr. The enzyme to substrate rate was 1:100. The digest was fractionated by reversed-phase HPLC on TSK-gel ODS-120T column with a gradient of acetonitrile in 0.1% TFA at a flow rate of 0.5 ml/min. Each fraction was analyzed by amino acid sequencing. N-terminal sequence analysis was performed by a fully automated gasphase protein sequencer (Model 491 Procise, Perkin-Elmer Co., Ltd., Connecticut, U.S.A.). The system was based on gas-phase Edman degradation [12] and consisted of a gasp h a s e E d m a n r e a c t i o n u n i t a n d a n o n -l i n e phenylthiohydration amino acid analyzer. The analyzer consisted of a Wakopak WS-PTH column (0.46 cm × 25 cm, particle size 5 µm), HPLC pump 140C, and ultraviolet spectrophotometric detector 785A. Sample data was analyzed by software 610A 2.1. The intact 12 kDa protein and each fraction digested by lysylendopeptidase were dissolved in 0.1% TFA.
RESULTS
Purification of dog β2-m: Dog β2-m was purified from urine of dogs with induced proteinuria according to the following procedure. Figure 1 shows the SDS-PAGE pattern of the lyophilized material. Patterns indicating increased excretion of low molecular weight proteins were observed only during the first week (data not shown). Accordingly, urine samples collected during the first week were used for purification. The urine samples contained a 12 kDa protein, and were used to isolate dog β2-m. These urine samples were applied to a DEAE-cellulose column. A typical elution profile of the anion-exchange chromatography is depicted in Fig. 2 . Each urine sample was separated into three fractions (A, B, and C). Analysis by SDS-PAGE of the C fraction revealed the presence of a 12 kDa protein (Fig. 1), however, there was still some protein contamination at this stage. The C fraction from DEAE-cellulose chromatography was separated further by gel filtration chromatography on Sephadex G-75. The separation of the C fraction is shown in Fig. 3 . All of the12 kDa protein eluted in the C4 fraction. Therefore, only proteins present in this fraction was used for further purification. The fraction enriched by the 12 kDa protein from the Sephadex G-75 column was collected and then freeze-dried. The C4 fraction was applied to a reversed-phase HPLC to increase the degree of purification of the 12 kDa protein (Fig. 4) . The 12 kDa protein was eluted for a main peak at a concentration of 41% acetonitrile.
In the SDS-PAGE of the fraction from reversed-phase HPLC, the main peak appeared at 12 kDa. No contaminants were found, by staining with Coomassie brilliant blue. When 0.5 g of lyophilized urinary protein was used as the starting material for purification, about 1 mg of high purified 12 kDa protein was obtained.
Amino acid sequence:
The band of 12 kDa protein was subjected to N-terminal amino acid sequence analysis. Chromatogram of lysylendopeptidase digestion of the 12 kDa protein resulted in the separation of eight peptide fragments (Fig. 5, L1-L8 ). The complete amino acid sequences of these L fragments were determined. Figure 6 shows the N-terminal sequence of the intact 12 kDa protein and the peptides obtained from the 12 kDa protein with lysylendopeptidase. The analysis indicated that the sequence of the first 15 amino acid residues from the N-terminal were identical with those of dog β2-m (Fig. 7) . Dog β2-m consisted of 99 amino acid residues.
DISCUSSION
To obtain dog β2-m, urine from dogs treated with potassium dichromate was used. The same method was used in rabbit [1] , guinea pig [3] , and rat [15] . Potassium dichromate is known to have detrimental effect on the proximal tubules, resulting in urinary excretion of low molecular weight proteins [4] .
The only previous report of isolation of dog β2-m was that of Smithies and Poulik [23] . Their report described using anion exchange to purify dog β2-m after its separation from other urinary proteins by gel filtration chromatography. In the present study, we isolated dog β2-m using anion exchange before gel filtration chromatography. This method has permitted processing of large volumes of starting material [18] . It was, nevertheless, necessary to concentrate the urine sample before exchanging the buffer to a DEAEcellulose starting buffer. This was conveniently achieved by lyophilization following dialysis. Urine samples were dialyzed with alkali buffer using dialysis tubing, which had a cut off of 10.0 kDa, for exclusion of proteolytic cleavage and other degradation products of β2-m. The degradation process of β2-m is based on heat liability and pH sensitivity microglobulins from different species. The data for the dog protein were from Smithies and Poulik [23] ; for the human protein are from Suggus et al. [24] ; for the mouse protein from Gates et al. [6] ; for the rabbit protein from Gates et al. [5] . A solid line indicated identity with the purified protein sequence.
in urine [20] . Therefore, dialysis of the urine samples was carried out at 4°C, at a pH higher than 8.0 to maintain the stability of β2-m.
In the SDS-PAGE pattern of each fraction obtained from a DEAE-cellulose column, dog β2-m was only present in the C fraction (Fig. 1) . The C fraction included some other proteins, but excluded protein with molecular weight of 13 kDa near the dog β2-m. The 13 kDa protein had an isoelectric point of ca. 10.0, by a two dimensional electrophoresis analysis (data not shown). These facts indicate that the protein was most likely to be cystatin C [25, 26] . The dog β2-m was relatively pure in the C4 fraction after the gel filtration step. But the fraction showed a trace of one other protein with a molecular weight of about 20 kDa (Fig. 1) . Although an agglutinating form of β2-m in urine is known, it had a molecular weight of 65 kDa in rat [28] . Accordingly, this 20 kDa protein appeared not to be dog β2-m, so a reversed-phase HPLC was necessary to further purify the dog β2-m. The dog β2-m had a molecular weight of 11.8 kDa by SDS-PAGE. The dog and human β2-m were very similar in molecular weight.
The identity of the purified 12 kDa protein was established by comparing its N-terminal amino acid sequences with corresponding sequences of β2-m from other species (Fig. 7) . The amino acid sequence of dog β2-m had been partially determined by Smithies and Poulik. The 12 kDa protein corresponded with the dog β2-m at the 42 positions, they report except for those residues which had been unclear or uncertain (positions 16-17, 21, 24, 33-34, 36, 37, and 42). Referring to the homology of human β2-m, they described the assignment of serine at position 33. In the present report, however, this residue was demonstrated to be proline by analysis of amino acid sequence. We were able to further clarify the amino acid sequence of dog β2-m by assigning asparaginic acid (or asparagine) to residue positions 17, 21, 24, 38, and 42, and glutamic acid (or glutamine) to residue positions 16, 34, and 36. The assignments of aspragine to positions 17, 21, 24, and 42, asparaginic acid to position 38, and glutamic acid to positions 16, 34, and 36 were determined by an automatic sequencer.
The β2-m from the other three animals contained two half-cystinyl residues that may be capable of forming disulfide loops. Two half-cystinyl residues were found in identical positions, so dog β2-m probably had a disulfide bond. Comparing residues, there were only 24 differences from the human β2-m, 32 differences from the mouse β2-m, and 25 differences from the rabbit β2-m. The data supported the conclusion that the purified protein was a homologue of human β2-m and indicated that all four proteins from dog, human, mouse, and rabbit were closely related.
